ABSTRACT. The paper describes a trichromatic colorimeter that has been specially designed in order to make an accurate re-determination of the locus of the spectral colours in the colour triangle for as many observers as possible. A spectrometer system is used in which two spectra are formed from the same source. From one of these, three portions to act as primaries are reflected back through a lower part of the dispersing system, so that the mixing of the three radiations is effected by neutralising the prismatic dispersion by which the colours were first separated. From the other spectrum the test colour and a desaturating colour are selected and mixed in a similar manner, and the composite beams are then brought into the two halves of a simple bipartite field. In the process of being mixed with the other colours, each spectral colour is filtered by its return passage through the dispersing system and the instrument thus becomes very effective in removing stray light. Another device has enabled the Maxwellian method of observing the field of view to be adopted without the introduction of rotating parts into the system. The intensities of the three primaries are controlled with photometer wedges.
INTRODUCTION THE colorimeter to be described has been designed and made in order to carry out some researches on colour vision for the Medical Research Council. T h e research is being conducted in the Technical Optics Department of the Imperial College and the particular work in view is the accurate re-determination of the locus of the spectral colours in the colour triangle for as many observers as possible.
In this paper the instrument alone is described; no mention is made of the method of calculating the results nor of the results themselves. Some preliminary knowledge of the principles of colorimetry is necessary, however, before the requirements of a comprehensive trichromatic colorimeter can be properly understood, but as these have been clearly outlined in the course of a paper by Mr Guild in 1926" the reader is referred to that paper for the necessary information. I n that paper it will be seen that what is required for the work in hand is, first, some arrangement for illuminating one half of a photometric field with a mixture of three primary colours in any desired proportions ; secondly, a method to illuminate the other half of the field with any spectrum colour; and thirdly, to desaturate this spectral colour with some other colour (which may be one of the primaries) so that the two together can be matched. 
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THE OPTICAL SYSTEM OF THE COLORIMETER The simplest way to explain the principles of the colorimeter will be to consider one or two properties of the ordinary spectrometer system. Such a system is shown in Fig. I (a) . In connection with this and subsequent diagrams it must be realised that no attempt has been made to draw them to scale. T o do so would have resulted in the figures being made so big as to become clumsy if the important details were to be made at all clear. In Fig. I (U) S is the collimator slit, C the collimating lens, A the spectrometer prism, T the telescope objective and finally RGB represents the spectrum formed in the focal plane of T. Three pencils of rays corresponding to three points, R, G, and B , in the spectrum are shown. These pencils are diverging from one another but the point of divergence can best be traced by reference to the enlarged diagram Fig. I (b) . This shows part of the course of the central rays of the three pencils. It will be seen that after refraction at the first surface of the prism these rays diverge from 0; after refraction at the second surface they radiate from some point P and after passing through the telescope objective they appear to diverge from P', where P' is the virtual image of P formed by the objective T.
T h e position of P' is also indicated in the top diagram Fig. I (a) .
Suppose, now, that a concave mirror were placed in the plane of the spectrum and suppose also that the radius of curvature of the mirror were equal to PIG.
I n these circumstances the centre of curvature could be made to coincide with P ' and the central rays of all the pencils would then fall normally on to the surface of the mirror. They would, therefore, be reflected back along their own paths. I n retracing their paths the divergence of the pencils would be neutralised and the beam would emerge from the first surface of the prism as a parallel bundle of white light similar to the bundle of light which originally left the collimating lens. There is an interesting corollary to this, namely, that if the point P were situated at the focus of T then P ' would be at infinity and the central rays would emerge parallel after passing through the objective. I n this case a plane mirror in place of the concave mirror could be used to reflect the beams back along their own paths.
So far only the divergence of the beam in the horizontal plane has been considered ; in this plane the divergence arises from the dispersion produced by the spectrometer prism. But if a slit is used in the collimator the pencils of light will also diverge in the vertical plane owing to the length of the slit. Before passing through T these pencils will radiate from the collimating lens C and after refraction through T they would appear to diverge from the virtual image of C formed by the telescope objective. Hence, if it were necessary for the rays of light to retrace their paths exactly, a different curvature for the mirror would be required in the vertical plane from that needed in the horizontal plane. I n practice such arefinement is found to be unnecessary.
T h e next step in the development of the system is to consider the effect of blocking out parts of the concave mirror. The result will be that some parts of the spectrum are cut off, whilst others are reflected back to emerge as a parallel beam, and the colour of the beam will no longer be white but will be the colour resulting from the mixture of the reflected portions. This, then, provides a method of separating any portions of the spectrum desired and re-combining them by neutralising the dispersion by which they were first separated.
It is but a short step from the use of a concave mirror with parts blocked out to the employment of narrow strips of plane mirror mounted on arms which rotate about P'. Provided that the strips are fairly narrow, the effect of their being plane instead of concave may be neglected. For the case when P is at the focus of T and therefore P ' at infinity, the strips of mirror would have to move on a straight slide instead of on the arc of a circle, It will be readily realised that to use the system as it has been developed SO far some difficulty would be experienced in separating the reflected from the incident beam. Both would traverse the same parts of the prism and objective and it would be necessary to introduce a parallel plate of glass, possibly half silvered, into the path of the beams. By inclining this plate at 45" to the direction of the returning beam, this light would be partially reflected and a separation of the two beams would be effected. This method would, however, lead to a great loss of light and, in addition, the surface reflections from the prism faces and the telescope objective would be mixed up with the returning beam, thus introducing stray light. A more effective method of obtaining the desired result is shown in Fig. 2 .
This diagram shows a vertical section of the system and the path taken by an axial pencil of light in this plane is indicated. S , C , A , and T refer to the same parts as in Fig. I . M is a strip of plane mirror and D is a right-angled prism. In the system shown in this figure it will be noticed that the parallel beam passes through the upper halves of the spectrometer prism and telescope objective. Further, the mirror M is arranged, not to reflect the light back on its original path, but to deflect it downwards, so that on the return journey the light will pass through the lower halves of the objective and prism. The incident and reflected beams in fact pass through parts of the objective that are symmetrically placed relative to its axis.
With the arrangement described the 90' prism D can be introduced without in any way interfering with the incident beam and with the further advantage that the whole of the returning beam can be reflected. This method is evidently the one to be adopted.
In Fig. 3 the system is taken a stage further. The diagram shows a plan view of the path of an axial pencil of rays. It must be borne in mind that there are really two layers to the system, the returning beam passing beneath the incident beam.
In this diagram the action of the prism D is shown and the positive lens 0 is introduced. This represents the objective of the observing telescope. In the colorimeter itself the photometer prism is placed between D and 0, but for the present that has been omitted. The Maxwellian method of observing the field of view is used, that is, the eye is placed at E where the beam of light comes to a focus. The size and shape of the field seen under these conditions depend on the diaphragm which is effective in limiting the size of the parallel bundle of light before entering 0.
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T h e image formed at E is that of a slit. This is evident since E and M are in conjugate planes, as are M and S. Moreover, the image at E will not alter in form, however much of the spectrum is reflected back; thus, if the concave mirror originally postulated were placed in the spectrum the image would still be that of a slit, for it has been shown that the nature of the beam after the dispersion has been neutralised is exactly similar to the beam when it first emerges from the collimator. Unfortunately, when the eye is placed at a slit focus the field of view assumes a streaky appearance. Such an effect renders the field practically useless for accurate colour matching. What is needed is an exit-pupil of appreciable area in which a small metal stop can be placed, and be completely filled with light. With such an exitpupil the field of view is smoothed out. This result was obtained in the first place 0 B Fig. 3 by introducing a wheel of lenses into the system. The effect of this was to spread out the slit image at E into a band and so provide a satisfactory exit-pupil. Asomewhat more elegant method of reaching this end was, however, thought of, and as the new scheme was very simple and had several advantages over the rotating lens system, it was adopted. I n place of the narrow strip of plane mirror which was previously used in the spectrum, a small right-angled prism is mounted with its hypotenuse face facing the incident light. The pencils of light after total reflection at the two adjacent faces of the prism retrace their paths as before, except that the light which entered on one side of the prism emerges on the other and vice versa. T h e significance of this will be more easily grasped when it is realised that the principle on which the instrument depends for mixing the spectral colours is the neutralisation of the dispersion by which they are separated. But, for the strip of the spectrum included by the prism, the relative positions of the spectral colours are reversed so that the dispersion over this strip is no longer neutralised but is increased. Fig. 4 (a) three prisms are shown in three parts of the spectrum and it will be evident that their introduction does not interfere with the mixing of the three separate portions of the spectrum in which they are placed. I n Fig. 4 (b) the action of a single prism is shown and from this it will be seen how the relative positions of the spectral colours are reversed over the portion of the spectrum included by it. T h e exit-pupil now takes the form of short superposed strips of spectrum with angular dispersions double that pertaining to the corresponding parts of the main spectrum RGB. When a metal stop is placed in such an exit-pupil, a smooth field is seen provided the stop is filled with light. By using this arrangement any rotating parts in the apparatus are avoided. In passing it is important to note that the width of spectrum included in the light reaching the eye depends, not on the size of the prism in the spectrum, but on the size of the stop in the exit-pupil. U p to the present the various features of the system have been described separately. It is now a relatively simple matter to give a description of the colorimeter as a whole. I n Fig. 5 both plan and elevation of the complete system are shown, and the course of an axial pencil of rays is also indicated. T h e source, condenser, collimator, and spectrometer prisms will be easily recognised ; they are indicated by the same letters as in previous diagrams. Incidentally, it will be seen that two 60" prisms are used in order to obtain increased dispersion ; in all there are four such prisms, two more being used for the returning beam, as will be seen in the elevation. After passing through these prisms the top half of the beam passes through the objective Tl and is brought to a focus to form a spectrum at W,. T h e lower half of the beam is reflected through an angle of 90' by the prism RI and is brought to a focus by T, , so producing a second spectrum at W,.
I n W, two right-angled prisms are mounted to function as previously described.
The path taken by the light reflected from this spectrum is shown in the elevation and is seen to pass below RI and above another prism, R, , similar to Rl. I n W, there are three small prisms to reflect back three portions of the spectrum. T h e light so A Trichromatic Colorimeter with Spectral Primaries 231 reflected passes through T, and is then reflected by R, through the two lower 60" prisms. T h e two returning beams, from W, and W,, are.then reflected by D, so as to fall on the photometer prism P. The form of P and its action will be clear from the figure. It consists of two prisms cemented together, with one half of the contact surface, mn, silvered. I n this way the two beams are brought into the neighbouring parts of a simple bipartite field separated by a sharp horizontal T. dividing line, the size of the complete beam being limited by the rectangular aperture K. The field of view is observed by placing the eye at the focus E of the telescope objective 0.
It will be evident that the three prisms at W, correspond to the three primaries of the colorimeter, and the two prisms at W, provide the test colour and the desaturating colour. It is necessary to be able to regulate the intensity of the two latter and this is done by the use of any one of a series of neutral filters placed in front of the prisms. Since the variation of the intensity of the primaries must be continuous, neutral photometer wedges, H , are employed, as indicated in the diagram. These are situated in front of the three primary prisms R, G, and B in the spectrum at W, and can be adjusted by the observer as explained later.
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The source of light used is a 100 C.P. Ediswan "Pointolite" lamp. I n the circuit for this lamp a variable resistance and a voltmeter are included SO that, during any series of results, the lamp can be run at a constant voltage. The slit of the collimator opens symmetrically, so that a change in its width will not alter the wave-length calibration of the spectrum. Fig. 6 is a photograph of part of the apparatus. In this the spectrometer prisms and the telescope objectives can be seen, also the two prisms R, and R, of Fig. 5 .
The objectives have a focal length of about 45 inches and with them a spectrum roughly 9 inches long is obtained. Fig. 7 shows the mounting of the small prisms in the spectrum W,. With this mounting a tilting or rotatory adjustment can be given to the prisms and, since the stands are geometric, the prisms can be removed and replaced later without needing any readjustment. The base-plate of each mounting is attached to a wooden beam about 5 feet in length. One end is pivoted about a point corresponding to P' of Fig. I . The pivot consists of a large steel ball resting between two conical bearings and the beam is thus allowed to rotate about any axis passing through the centre of the ball. At the other end of the beam two small steel balls are mounted beneath a wooden cross-piece and are allowed to rest on a horizontal surface. In these circumstances the movement of the beam is restricted to a rotation about a vertical axis passing through the centre of the steel ball, which is the required degree of freedom.
The prism mountings in W, are similar to the above, but there are some additional features which differ in the two spectra. The mountings in W, are provided with slots so that any filter that may be desired can be placed in the path of the beam; further, a scale and pointer are arranged for each of these arms in order that the positions of the prisms in the spectrum may be calibrated and subsequently set at any desired wave-length. On the other hand, no wave-length scale is provided for the primaries, but fine adjustment clamps have been fitted to enable the prisms to be accurately set and clamped in the desired part of the spectrum. These clamps act in very much the same way as the tangent screw of the ordinary spectrometer and are designed so that they do not upset the geometric principles used in mounting the radial arms. w. D. Wright inserted in rectangular brass fittings suspended from pulleys pivoted at the tops of three aluminium pillars. These pillars are screwed down to the radial arms immediately in front of the prism mountings. Each pillar is arranged to slope forward slightly so that the wedge mounting rests against its inclined face and will slide up or down when the string is moved. Guides are provided to keep the wedges in the proper vertical line and each mounting has a scale and pointer engraved on it to register the position of the wedge at any setting. T o move the wedges the strings are led via further pulleys to three drums mounted in front of the observer. The strings are wound round the drums in one direction, whilst in the other direction are wound strings attached to counter-weights. In this way the weight of each wedge mounting is balanced and the only forces to be overcome to move the wedges are frictional forces, which are quite small. If the movement of the drums is too easy, the bearings of the drum spindles may be tiihtened. I n this way a nice motion of the drums, which is very necessary to ensure the peace of mind of the observer, can be obtained. To each drum a knurled head is fixed and the position of the three heads is such that both hands can be used in adjusting them. This is advantageous and tends to shorten the time required to make a match. T h e positions of the drums and the observing telescope are shown in Fig. 9 .
The telescope has an objective of focal length about 1 1 inches and the stop in the focus consists of a circular hole in a brass disc. Various stops are available, the one at present in use having a diameter of -033 inch. With this stop the width of spectrum included is so060 p in the red, -0035 p in the green, and -0016 p in the blue. The mounting of the telescope is such?that the direction of its axis can be altered until the stop is filled with light. The type of adjustment provided is evident from Fig. 9 .
The size of the photometric field is Q inch square and this subtends an angle of about 2' at the eye; with this size of field the image formed on the retina will fall entirely within the fovea. This avoids complications which might arise owing to the variation in structure of different parts of the retina and is in accordance with suggestions made by Mr Guild on the standard size of field to use in colorimetry". The use of a simple bipartite field is desirable, because one of the chief difficulties in such an apparatus as this is to secure a strictly uniform field. Without such, any more complicated type of field is bound to lead to confusion and to add to the difficulties of colour matching.
For certain purposes not discussed in the present paper a white of some known spectral energy distribution is required. A 1000 watt lamp standardised at the National Physical Laboratory and a filter of two solutions made up in accordance with specifications from the same laboratory were therefore installed, the necessary apparatus being supplied by Messrs Adam Hilger, Ltd. With this, a magnesium oxide screen can be illuminated with light of an energy distribution similar to that of a black body radiating at 5000~ K. A small geometric mounting for the magnesium screen was made so that it could be readily brought into the field of view when desired.
ADJUSTMENTS
Little need be said of the adjustments which had to be made when the apparatus was first set up. Much attention had to be paid to the mounting of the various units relative to one another, otherwise the size of some of the parts, such as the telescope objectives, would have been undesirably large. Particular reference need only be made to the location of the centres about which the radial arms rotate. This is really a matter of small import since the introduction of the prisms into the spectrum, but when the apparatus was first assembled strips of plane mirror were used. With this arrangement the centres had to be located accurately and this was done experimentally by altering the position of the centre until, on moving the arm through the spectrum, the reflected patch of light seen in the observing telescope with the photometer prism removed remained stationary.
There are certain adjustments which have to be made with some regularity, so that a description of the method adopted to readjust the apparatus when out of adjustment is given. T h e test colour prism must first be tilted so as to reflect the beam back on the proper level in accordance with Fig. 5 . Apart from securing total reflection, no rotation of the prism about a vertical axis is necessary, as the light will automatically take the required path in the horizontal plane. This is one of the minor advantages of the use of prisms instead of mirrors. The prism which provides the desaturating colour is now adjusted in the same way.
T h e next step is to adjust one of the primary prisms so that it has approximately the required inclination to the vertical. This is followed by tilting and rotating the large right-angled prism R, (the requisite mechanical devices are provided) until the images of the primary and test colour prisms coincide at the focus, E, of the observing telescope. Generally the primary prism will need a further slight tilting adjustment, but this will not upset the coincidence of the exit-pupils. T h e other two primary prisms now only need to be set at the proper inclination to the vertical to complete the adjustments at this end of the instrument.
At the other end all that remains to be done is to set the prism D so that the patches of light fall on the photometer prism in the desired position and finally to adjust and clamp the observing telescope so that the metal stop is completely filled with light in the desired part of the exit-pupil.
CALIBRATION
T o calibrate the " test colour " spectrum, a Hilger I' constant deviation spectrometer" is mounted at the observing end of the instrument with the ordinary slit attachment removed and replaced, by suitable disposition of the spectrometer, by the exit-pupil of the colorimeter itself. On looking into the eyepiece of the spectrometer an elliptical image of the exit-pupil is seen. The position of this image depends on the wave-length of the light of which it is composed, but by rotating the wave-length drum it can be made to lie symmetrically on the cross-wire in the eyepiece. Provided the drum reading for sodium light has been checked, the reading on the drum will give the mean wave-length corresponding to a given position of the radial arm in the spectrum. T o check the drum reading the exit-pupil must be filled with sodium light; this can be done by placing a sodium flame in the orange part of the spectrum. Then when the cross-wire is set on the image of the exitpupil, the reading of the drum should correspond to the mean sodium line ; if any error exists it must be removed by adjusting the Hilger spectrometer prism. When this check has been made the calibration is only a question of noting the drum readings for given positions of the prism on the spectrum scale.
When the calibration has been made as above, throughout the spectrum, a further check is performed. The Hilger spectrometer is removed and the slit of the colorimeter is illuminated with some source such as a mercury lamp, which gives a few well-defined spectral lines. If the test-colour prism is moved through the spectrum until the light from one of the lines is reflected back, an image of the line will be formed at the focus of the observing telescope. T h e position of the prism is noted when this image passes through the middle of the exit-pupil. T h e reading of the test-colour scale then corresponds to the wave-length of the spectral line being used, so that an accurate check on the calibration can be obtained very readily. T h e actual accuracy obtainable in setting the prism is about '0002 p, which corresponds to about 1/10 mm. on the scale.
T o fix the primary prisms the wave-lengths that are to be used for the primaries must first be decided. When this has been done the Hilger spectrometer is set up as before and at the same time the test-colour prism is put at the wave-length of whichever of the primaries is being adjusted. The position for this is known, of course, from the earlier calibration. With the apparatus so set up two ellipses are seen in the eyepiece of the spectrometer, one corresponding to the test-colour prism .
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and one to the primary. Then all that needs to be done is to move the arm of the primary until the two ellipses coincide and to clamp the arm in that position. T h e final setting and clamping is done with the fine adjustment attachments. T h e other two primaries are fixed in a similar manner.
, It has been mentioned in the introduction to this paper that the desaturating colour may be one of the primaries, if desired. I n practice it greatly simplifies the work to make use of this fact, as an intensity match instead of an auxiliary colour match is all the work that is involved in measuring the desaturating colour introduced. I n this case the only calibration needed for the desaturating prism is the determination of the positions of the primary wave-lengths on its wave-length scale. T o do this, a method similar to that used for the primaries themselves is adopted.
The remaining calibration is that of the photometer wedges. One half of the field of view is illuminated with light from the primary whose wedge is to be calibrated and the other by light of the same wave-length from the test-colour prism. A sector with a variable aperture is placed in the path of the first of these beams so that its intensity may be varied by known amounts, and a filter is placed in front of the test-colour prism to control the intensity of the other half of the field. The two fields are then matched for a series of sector openings, by adjusting the photometer wedge. In this way the wedge may be calibrated over the portion used in making such a series of matches. To calibrate another portion of the wedge a new filter is placed in front of the test-colour prism and matches are again made for the same series of sector openings. T o enable a continuous calibration curve to be drawn the filters are so chosen that the calibrated portions of the wedge overlap, six or seven steps usually being sufficient for the complete calibration of a wedge.
T h e wedges at present in use are of the gelatine on glass type, as supplied by Messrs Ilford Ltd.; they have a density range of I*, but as the light passes through them twice the range on the instrument is 3. This is over a length of 6 inches. As the density at the thick end of the wedge is insufficient to cut out the light completely, at least for the red and green primaries, an auxiliary filter is placed in the paths of these beams when the amount required in the match is very small. This filter has to be calibrated when used, but this is very simple, two intensity matches, with and without the filter, being all that is necessary. Small geometric mountings are provided to hold the filters.
STRAY LIGHT
A vital point in an instrument of the present kind, if the results obtained are to be reliable, is that errors due to stray light must be avoided. T o achieve this with any success with an ordinary piece of apparatus is difficult, but in this case the colours of low intensity, such as the blue, have to be quite free from stray light although the system is being illuminated with light of much higher intensity from the middle part of the spectrum. T h e methods employed to overcome the difficulties involved are described in the present section, the extreme importance of the subject being sufticient justification for devoting a separate section to their description.
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At first sight it might appear that the type of colorimeter that has been described is especially susceptible to errors from this cause, for the following reason. Some of the light forming the spectrum is intercepted by the small prisms, but the majority passes on until, sooner or later, it falls on one surface or another, and this surface will scatter the light in various directions and may thus be a serious source of stray light. Suppose, for the purposes of the discussion, that a white card were placed in the focussed plane of the spectrum, The light would be scattered in all directions and some of it would return through the instrument and would evidently be brought to a slit focus in the exit-pupil. Fig. I O shows the rectangular exit-pupil that is obtained with the this is an image of the prism, it is fairly evident 1 that the slit exit-pupil obtained with the card 1 will fall on the middle line of the prism image.
Hence if the metal stop were placed symmetri-1 source would be included and would invalidate the results. If, on the other hand, the stop were placed on one side, as indicated by the circle in the diagram, this stray light would be cut out and no longer reach the eye. This then is the first precaution that is taken in adjusting the instrument.
Even with this precaution some light from the card might be scattered by dust particles, etc., thus introducing stray light of a second order, which might be of sufficient magnitude to affect the results were the white card placed in the spectrum as postulated above. I n practice, of course, it is arranged that the light falls on surfaces which are least likely to scatter light back through the system. Thus where glass surfaces, such as the photometer wedge faces, intervene, they are tilted so that the surface reflections are not directed towards the instrument. Other surfaces on which the light falls are blackened. A further important feature which is responsible for the freedom of the instrument from stray light is that the returning beam passes through a part of the apparatus which is not used by the incident light. Were this not possible the apparatus would almost certainly be a failure. Finally it should be pointed out that the presence or absence of stray light from the above causes can be definitely tested for. All that has to be done is to remove all five prism mountings from the radial arms and examine the field of view for stray light. In making such an examination the eye should be dark adapted, else small quantities of light will easily pass unnoticed. This test has been carried out on several occasions and it is a most satisfactory feature of the instrument that no stray light can be detected in this way.
Unfortunately this does not prove that stray light from all sources is absent, for it may well happen, in fact it almost certainly must happen, that the monochromatic light which falls on the prisms in the spectrum will have some scattered light of other wave-lengths mixed with it. But for one fact this might be a source of error difficult to remove. T h e saving feature can be understood by considering prism in the spectrum. Bearing in mind that r""""" the course taken by a pencil of white light reflected back from the spectrum. On passing through the spectrometer prisms this pencil will be dispersed and in the plane of the exit-pupil a spectrum will be focussed. But owing to the dispersion, the stray light admitted by the exit-pupil will be of the same wave-length as the monochromatic light which is intentionally reflected back and will thus in no way affect the results. I n effect the optical system, besides mixing the various monochromatic beams, also acts as a filter to purify each individual beam. This is an extremely useful property of the instrument, although quite accidental so far as the author is concerned. No method has been evolved of testing its effectiveness directly, but it cannot be open to much doubt.
One further precaution has been taken, which may be understood by reference to Fig. I O again. In this it is seen that the metal stop was placed unsymmetrically A F Fig. I I in the patch of light forming the exit-pupil. If the colour in the two halves were appreciably different, any light scattered from the unused portion would tend to upset the results; to prevent this happening a system of diaphragming would be required which would cut out one half of the exit-pupil. T h e method adopted is not ideal, but has proved satisfactory; it is shown in Fig. I I . This diagram shows the paths of some of the rays as they enter and leave one of the small prisms in the spectrum. It is evident that if one half of the prism were blocked out, then the whole beam would be cut off; but with the diaphragm in the position shown, where the incident and reflected beams no longer overlap in the vertical plane, it is possible to cut off one half of the beam without interfering with the other. Such a position is not ideal because the diaphragm is not sharply in focus in the plane of the exitpupil. This, however, is largely counteracted by the narrow divergence of the pencils of light between the spectrum prism and the diaphragm. 
APPLICATIONS OF THE INSTRUMENT
One evident application is as an instrument for research on colour vision. Its three chief virtues in this connection are the absence of stray light, the high intensity available in the field of view, and the use of spectral primaries which have the advantage that they are easily defined physically. It must also be remembered that in its present form the apparatus is more than a trichromatic colorimeter, for it provides both halves of the photometric field.
With these points in mind it may be well to mention some of the problems which could be tackled with such an instrument with, in some cases, small modifications in the design. Thus the hue sensibility curve for a number of observers could be determined ; a determination of the number of saturation steps between the spectral colours and white or what may be called the saturation sensibility curve for the spectral colours could be undertaken ; also an investigation on complementary colours could be carried out. Besides this, quantitative data on colour blindness, colour fatigue, and adaptation might be obtained. It is not possible to give an exhaustive list of problems, but the above shows the scope of the instrument.
So far as the future of the present design in its aspect of a practical colorimeter is concerned, the author has insufficient experience of commercial requirements to voice an authoritative opinion on the subject. One objection would doubtless be the size of the apparatus. As designed at present the instrument covers a fair amount of space, but the size could probably be considerably reduced without increasing the technical difficulties of its manufacture very greatly. T h e size of the exit-pupil is probably a more serious objection, for with the present diameter of e 0 3 3 inch the intensity of dark materials seen through the observing telescope is rather low.
In such a case it is an advantage if the size can be varied by using, say, a small iris diaphragm, but with this system any variation in the size of exit-pupil involves a change in purity of the primaries. Such a procedure would therefore be objectionable. With the original system, in which a wheel of lenses was employed, a variable exit-pupil could be used and it may be that a satisfactory instrument for commercial work could be designed on those lines.
Apart from their use in a colorimeter the principles involved in the apparatus may have some use in connection with other instruments. For example, a form of constant deviation spectrometer could be designed; or by using a mirror instead of a prism in the spectrum any portion of the spectrum could be concentrated into a slit image; this might be of use in energy problems when the energy present were small. For any such purposes the instrument would have the advantage of being free from stray light.
In conclusion I have to acknowledge with gratitude my great debt to Professor L. C. Martin for having on my behalf approached the Medical Research Council, to whom I am also greatly indebted, with a view to securing a grant to enable me to undertake the research. I n addition several features of the apparatus are due
